Ventilation, ventilatory pattern and ventflatory drive were studied in five dogs during the administration of increasing blood concentrations of thiopentone. Ventilation (VE, RR, VT) and blood-gas tensions (pHa, Paa>2> Pv>i,) were measured. Ventilatory pattern (VT, TI, 7"E, T^ and ventilatory drive (VT/TI) and occlusion pressure) were analysed. Occlusions of the airway were performed at end-inspiration and at end-expiration. Thiopentone produced a biphasic action on respiratory rate, ranging from tachypnoea during light anaesthesia to a progressive slowing of respiration with deepening anaesthesia. The Hering-Breuer reflex did not seem to be modified by the level of anaesthesia, whereas the central mechanisms which modulate the duration of inspiration and of expiration, were perturbed.
In mammalian species, and in man, anaesthesia affects respiration in a number of ways. Respiratory mechanics are modified (Rehder, 1979) and the regulation of respiration is disturbed in that the ventilatory responses to hypercapnia (Severinghaus and Larson, 1965) and hypoxia are depressed (Weiskopf, Raymond and Severinghaus, 1974; Hirshman et al., 1975; Knill, Bright and Manninen, 1978; Knill and Gelb, 1978) and the activity of the Hering-Breuer reflex is modified (Bouverot, Crance and Dejours, 1970) .
Barbiturates exhibit a range of effects on the central nervous system (CNS), depending on the dose administered (Mori, Winters and Spooner, 1968; Clark and Rosner, 1973) . Low doses of barbiturates produce motor stimulation and ataxia, whereas larger doses will induce surgical anaesthesia. Thus, since the respiratory centres are part of the CNS, their activity could be affected by barbiturates. The purpose of the present work was to study the action of incremental doses of thiopentone on respiratory pattern and ventilatory drive in the dog. In addition, the effects on the Hering-Breuer reflex were investigated with particular regard to differences between species as suggested by Webber and Peiss (1979) .
The study was undertaken in five male Beagle dogs (body weight (mean±SD) 15±2.5kg), in which anaesthesia was induced and maintain^ with thiopentone 2g diluted in 250 ml of physiological saline, administered by means of an infusion pump (Rhone-Poulenc RP 04 PE). Following the induction of anaesthesia, a tracheal tube was inserted and an airtight seal obtained. Rectal temperature was maintained between 37 and 38°C (heating mattress). A catheter was inserted percutaneously to a femoral artery to permit the recording of arterial pressure (Statham transducer P 23 IA), and the collection of blood samples for the determination of PaO2, i > aco 2 and pH, and for the measurement of thiopentone concentration. Blood-gas tensions were measured within 5 min of sampling (Instrument Laboratories: Model 313). Samples fo' r the determination of thiopentone concentration were kept at + 4 °C for the duration of each experiment and the actual measurements carried out the same day using the differential spectrometric procedure described by Bourdon and Yonger (1961) . The concentration of carbon dioxide in the expired air (.FECO2) was recorded continuously (Beckman LB2). The spirogram was obtained after integration of the pneumotachographic signal (Fleisch No. 2) , and the pressure within the airways at the level of the tracheal tube (Statham P2 3IA). Arterial pressure, FECC^, spirogram and tracheal pressure were recorded on a polygraph (Beckman Dynograph R 4II),-at a speed of 25mms~1.
As anaesthesia proceeded, the rate of thiopentone infusion was adjusted to a level suitable for the maintenance of light anaesthesia, the actual stage of anaesthesia being determined clinically. Following a 60-min steady state period (end-tidal CO2, systemic arterial pressure, heart rate, respiratory rate (RR), tidal volume (VT) and body temperature) the dose of thiopehtone was increased gradually. At each new rate of infusion, and following a 20-min period for stabilization, the following were determined: blood concentration of thiopentone, arterial blood-gas tensions, tidal volume (VT), duration of inspiration (Tl), duration of expiration (TE), duration of the breathing cycle (T^) ( fig. 1) . In regards to VT, Tl, TE and T m , the average value was calculated from groups of 10 successive respiratory cycles. Respiratory rate (Il/To,,) and minute ventilation (VE=RRX VT) were also calculated.
To study the Hering-Breuer reflex and ventilatory drive, the airways were occluded at endexpiration or at end-inspiration, and the occlusion was maintained for a complete respiratory cycle. Changes in respiratory timing caused by the occlusion were determined from changes in airway pressure ( fig. 1) . For occlusion at end-inspiration, the duration of the occluded breath (TV") was measured from the onset of that inspiration to the onset of the first succeeding inspiratory effort. The duration of apnoea was measured from the onset of the occlusion to the onset of the first succeeding inspiratory effort. For occlusion at end-expiration, the duration of the first inspiratory effort (71°) was measured from the point at which the tracheal pressure initially started to decrease to the point of maximal negative tracheal pressure. Occlusion pressure, which may represent the ventilatory drive and is independent of the resistance and compliance of the respiratory system (Milic-Emili, Whitelaw and Derenne, 1975) was measured 0.5 s after the beginning of the inspiratory effort (iVs)-The ratios VT/TI and Po.iK VT/Tl) were calculated. The ratio VT/TI represents the mean inspiratory flow. It is the expression of the inspiratory activity measured at the level of the upper airways. This ratio can be considered as the mechanical transformation of the ventilatory drive. Any decrease in the ratio may be a result of a decrease in ventilatory drive, of neuromuscular imbalance, or of an increase in respiratory impedance (increase of resistance or decrease of compliance). When considering alterations to the ratio VT/ Tl it is possible to take into consideration the part related to yentilatory drive by comparing the variation of To assess the effects of the different depths of anaesthesia on respiration, the correlations between the plasma concentration of thiopentone and the various indices, measured or calculated, were obtained.
RESULTS

Effects on ventilatory pattern (figs 2,3; table I)
The results of the present study have been compared with the normal figures given by Green (1979) and by Stahl (1967) for conscious dogs of identical body weight: RR 15-37b.p.m.; VE 133-400 mlkg-'min" 1 ; VT 9.33-17.33mlkg-'; PacXh 5.05kPa. During light anaesthesia VE remained normal, VT was decreased, and Paco^ remained around normal or increased slightly. Respiratory rate was increased. This stage of light anaesthesia was described clinically by the preservation of oculomotor reflexes, oculopalpebral reflexes, swallowing and coughing and, sometimes, jerking movements of the paws.
Once anaesthesia became deeper, respiratory rate decreased, VT remained unchanged, VE decreased and PacOj increased. When studying the correlations between the plasma concentrations of thiopentone and these indices, it was observed (table I) that the decrease of VE was correlated with the increase of the plasma concentration (r = 0.73; P<0.01). There was no correlation with VT. Respiratory rate was correlated significantly with the plasma concentration of thiopentone (r=-0.61; P<0.01). The decrease in rate was a result of increase in both Tl and TE, with TE increasing more than 7*1; therefore the ratio 71/ T m decreased substantially.
Effects on ventilatory drive (fig. 4).
It was not possible to compare the results obtained in the present study with data from the literature pertaining to awake dogs, since such data do not exist as far as we know. The ventilatory drive, when determined by Vl/Tl and P 0 . 5 , was decreased markedly at the higher rates of thiopentone infusion. There was a significant correlation between the (71°) was always greater than that of the control inspiration (TV). There was a significant correlation between 7T and 7T (r=0.73; P<0.01), but no apneustic pattern, that is to say no plateau was observed. There was no correlation between the plasma concentration of thiopentone and the TV/Tl' ratio. After occlusion of the airway at the end of inspire- tion, tracheal pressure increased owing to the passive recoil of the lungs. The subsequent inspiratory activity, judged from the changes in tracheal pressure, started after a delay greater than the duration of the control expiration. Consequently, the ratio Tut"IT m , usually referred to as the "inhibitory ratio", was greater than 1. But there was no correlation between the plasma concentration of thiopentone and the ratio T M°/ T m (r = 0.11) and there was no significant difference between the value of this ratio at the beginning of the experiment and its value at the end of the study. There was a significant correlation between the control values of Ti, TE, T m and the duration of the occluded breath (T m°) (respectively: r = 0.54, P<0.01; r = 0.75; P<0.01; r = 0.73, P<0.01). Thus, the greater the duration of the control inspiratory, expiratory or total breath, the longer was the duration of the occluded breath following the occlusion of the airways at end-inspiration. As the plasma concentration of thiopentone increased progressively, the duration of apnoea after occlusion of the airways at end-inspiration increased and this increase was correlated with the concentration of thiopentone (r = 0.50P<0.01) (fig. 4, table I ).
DISCUSSION
Effects on ventilatory pattern and ventilatory drive
The results of the present study show that the ventilatory effects of thiopentone differ depending on the plasma concentration of the anaesthetic agent. Some of the changes observed were probably attributable to the effects of anaesthesia on the respiratory mechanics. These effects have already been studied in detail and occur immediately upon induction of anaesthesia. They have not been brought to the fore in the present study, since there have been no measurements obtained in awake animals. Once anaesthesia was induced, the significant correlation which existed between the variations of Po.i and those of VT/Tl ( fig. 5) , and the absence of variation of "effective impedance" display a lack of subsequent alteration of respiratory mechanics. Therefore the modifications observed in the present study are most probably a result of the effects the anaesthetic agent on the central nervous system and on the regulation of breathing.
Under light anaesthesia, ventilation remained close to the values given by Stan! (1967) and Green (1979) , in the awake dog. In spite of the decreases in VT, VE and PacOj were close to physiological values. The maintenance of normal ventilation was related to the fact that the respiratory frequency exceeded, to a certain extent, the values reviewed by Stahl (1967) in the literature.
Tachypnoea has been reported repeatedly in the anaesthetized animal with inhalation agents (Whitteridge and Bulbring, 1944; Ngai, Katz and Fahrie, 1965; Nishino and Honda, 1980) . Tachypnoea is a customary phenomenon in the man anaesthetized with inhalation (Dunbar, Ovassapian and Smith, 1967; Paskins, Skovstedt and Smith, 1968; Hornbein et ah, 1969; Royston and Snowdon, 1981) , or i.v. agents (Gautier and Gaudy, 1978) . However, the mechanisms inducing the tachypnoea remain uncertain. Stimulation of the pulmonary receptors is possible, but unlikely. This assumption has been put forward by Whitteridge and Bulbring (1944) as far as inhalation anaesthetics are concerned. Nevertheless, the continuance of tachypnoea in animals and man, once the vagus nerves have been blocked (Guz, et ah, 1964; Mazarelli et ah, 1979) , does not argue in favour of such an assumption. Ngai, Katz and Fahrie (1965) , and Paskins, Skovstedt and Smith (1968) have suggested that direct stimulation of the vital centres might be involved. The effects of the low doses of thiopentone make the same point. The increase in the respiratory rate, possibly associated with an increase in inspiratory activity, is comparable to the ventilatory effects which resulted from stimulation of the reticular formation (Hugelin and Cohen, 1963) , although in that study a completely different preparation was used: the animal (cat) was not anaesthetized, but was paralysed and vagotomized. Furthermore, Mori, Winters and Spooner (1968) have pointed out the existence, during the first stage of anaesthesia, of reticular activity equal to, or greater than, that of the awake state. The CNS excitability during the first stage described by these authors was sometimes accompanied by a muscular activity; the latter effect was noticed in the present study. Therefore, it is quite possible that the tachypnoea induced in the dog by low doses of thiopentone was from a direct action on the CNS.
With the deepening of anaesthesia, ventilation decreased, essentially because of a decrease in respiratory rate, there being no significant change in VT, in spite of hypoxaemia and hypercapnia. Nevertheless, whereas the "effective impedance" was not altered significantly, the ventilatory drive (Po.s and VT/Ti) decreased, thus demonstrating some perturbation of the respiratory regulating mechanism. It is quite likely that the peripheral arterial chemoreflexes respond less to hypoxia in the dog under thiopentone anaesthesia than in the awake state, as is the case in man during the administration of thiopentone (Knill, Bright and Manninen, 1978) . It is suspected that the depression of respiration was the result primarily of the CNS depression. However, in the absence of evaluation of ventilation in awake animals, it is not possible to state conclusively that there was a biphasic action of thiopentone on respiration, when taking as basis of the argument the modification of VE, P 0 .s and VT/TI. Only the changes in respiratory frequency developed in a biphasic manner and this could be related to the action of the barbiturates on the CNS, as suggested by Winters and Wallach (1970) . In the dog, the same effects were observed with Althesin (Gaudy et ah, 1982 ). Man's behaviour is completely different (Gautier et al., 1982) . For example, following barbiturate overdose, as the patient awakens from the state of coma, the respiratory frequency, which is greater than normal initially, decreases.
Effects on the Hering-Breuer reflex
Since the work of Breuer and Hering (1970) , it has been recognized that, after occlusion of the airways at the end-expiratory volume, the subsequent inspiratory effort is prolonged. Similarly, occlusion at end-inspiration is followed by expiratory apnoea. These modifications in respiratory timing are mediated by changes in the discharge of airway stretch receptors and are not observed after blockade Or section of the vagus nerves. This reflex is called the Hering-Breuer inflation reflex. This reflex has been described in anaesthetized animals; it is also active in anaesthetized man (Gauticr, Bonora and Gaudy, 1981) .
With occlusions at the end of spontaneous inspiration, apnoea was seen in all animals. The deeper the anaesthesia, the longer the duration of apnoea. These results confirm the study of Bouverot, Crance and Dejours (1970) . However, they do not allow us to conclude that the Hering-Breuer reflex is modified by the depth of anaesthesia in the dog under thiopentone anaesthesia. Indeed, there was no significant modification of the "inhibitory ratio" (T ut o IT m d ) during the deepening of anaesthesia. Furthermore, there was a significant relationship between T m° and 7*1°, TE° and T m c . Thus, anaesthesia seemed to have a particular action on the central mechanisms which control the duration of inspiration and that of expiration.
As shown originally by Breuer and Hering (1970) , and confirmed later (Younes, Iscoe and Milic-Emili, 1975) in intact animals, the occluded inspiratory effort is of longer duration than the control inspiration. The same results were found in the present study. There was a significant correlation between TT and TV as anaesthesia was deepened, yet no modification has been reported in the ratio TV/Tr. In anaesthetized man, and in contrast to what has been observed in the cat (Gauticr, Bonora and Gaudy, 1981) , there was no apneustic inspiration ( fig. 6 ). This fact has already been reported in the dog by Webber and Peiss (1979) . Therefore, it is likely that the mechanisms which control the respiratory activity during anaesthesia differ in the different species studied. Thus, as emphasized by Webber and Peiss (1979) and recently by Gautier and colleagues (1982) , study of the respiratory regulation in the anaesthetized animal should take into consideration the species of animal studied, and any extrapolation from animal to anaesthetized man (and still more to awake man) must be made with great discretion. 
